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Preparation and Self—assembly of
Biocompatible Polyrotaxane and
Hemolysis Evaluation of
Amphotericin B After Being
Loaded by the Self—assembly
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School of Materials Science and Engineering, Beijing Institute
of Technology, Beijing 100081, China

Abstract A kind of novel amphiphilic triblock copolymers
containing polyrotaxane (PR) as a central block was synthesized via

the ATRP of poly (ethylene glycol) methyl ether methacrylate
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medium. The structure of the resulting copolymers was characterized
in detail by 'TH-NMR, GPC and DSC analyses. As a typical sample,
F-308-CD -60 was found to be self —assembled into nano —sized
aggregates in water. Its critical aggregation concentration was
estimated by the fluorescence probe technique. The transmission
electron microscopy images further revealed that the sizes of the
polymeric micelles of this selected copolymer were in nano—scale
and smaller than those of the blank brush -like block copolymer.
These nano-sized particles showed a great potential to be used as
carrier for the controlled release of Amphotericin B (AmB) with 8.7%
drug—loading content and 87 % drug—loading efficiency. And it is
also true that the hemolysis of AmB has been significantly decreased
after being loaded by the self-assembly.
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SN N ol N"N"— (PMDETA) N- -1 (PNA)
o , o Sigma ,PEGMA
s - Pluronic F127 PEO  PPO
, , 12 600,PEO 70%,
N A, ,Pluronic F127 EO0,0-POgs—EO 0,
o 2- 4- (DMAP) Alfa Aesar
) . ) ;AmB Amerasco , (TEA)
) (SDS) ,
o, CaH, ; (CuCl)
( ) , « N,N- (DMF) CaH,
- , GPC o o
-l 1.2
/ , 10 , 1.2.1 2- Pluronic F127
, (BrP-F127-PBr)
N RN Pluronic F127
) 12.6 g(1 mmol)Pluronic F127 20 mL
el CHLCl,, 0.42 mL (3 mmol) 0122 ¢
7= (1 mmol )DMAP,,
Pluronic ¥127-8-CD , 0.86 g (4 mmol)2- 15 mL. CH.Cl, o
(PPEGMA) 1h 24 h,
B (Amphotericin B,AmB) ° o 20 mL CH.CIL,
) , , 85%, 'H-NMR ,
° >98% , 'H-NMR (DMSO-d):64.23~4.24 (d,4H,—CH,—
(PEGMA) 0—C (=0)—),1.02~1.04 (d,210H,—0—CCH;—C—0—),
) ) 1.89(s,6H,(CH;)2—C—Br) ppm,
) e, 1.2.2 PPEGMA-b-F127-b-
AmB , PPEGMA
) \ ° BrP-F127-PBr ,CuCl/PMDETA
AmB , AmB , PPEGMA-b-F127-b—PPEGMA
—-AmB (Fungizone ) . R 2 mL BrP-F127-PBr
s (Ambisome) | (0.13 g,0.01 mmol), PEGMA (0.66 g,0.6 mmol) 2
(Amphotec) (Abelcet) mL s PMDETA (4.20 mg,0.024 mmol)
AmB s AmB R CuCl(2.0 mg,0.02 mmol),
AmB 3 s 25C
, AmB . -2 AmB 6h, o (MWCO
) ) 3500) 48h, 12h 1 ,
, AmB , 10 mL DMF o
(Drug—loading Content,DLC) (Drug —loading 8.7% .
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,AmB PEGMA  ATRP :
AmB o , B-CD 1 mL BrP-F127-PBr
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(0.13 g,0.01 mmol) , 24 h Waters 2410 R
s 1 mL. PEGMA (0.66 g,0.6 DMF+SDS , 30°C, 1.0 mL/min,
mmol ) o °
CuCl1(2.0 mg,0.02 mmol), 3 DSC NETZSCH DSC 204 s
s 25°C 6h, o -30~120C, 10 “C/min, o
(MWCO 3500) 48h, 12h 1 s : 120°C, 120C 5 min,
60°C 15 h, 10 “C/min -30C, 10 “C/min
, 10 mL. DMF 120C, o
R 41.6%. o
,ATRP F-nB-CD-m Varian Cary Eclipse ,
R ,F  Pluronic F127,n  B-CDs Pluronic PNA , 350~600 nm,
F127 ,m  PEGMA Pluronic F127 PNA 340 nm, (TEM) JEM-2010
. , P | 0.5 mg/mL
1.2.4 AmB , 12 h o
, AmB
o : 25 mg F-30B8-CD-60 2.5 2
mg AmB 1.0 mL DMF, 1.5 h 2.1 PEGMA
(MWCO 3500), 1L 24 h, BrP-F127-PBr  B-CDs
0.45 pwm Whatman , PEGMA
(DLC, %) (DLE, %), 1 o
DLC= AmB %100% 1, ATRP s
, CuCl CuBr
DLE= pps AmB 1 1009% o
1.25 AmB ’ ’
20 mL, 5 mL 3.8 wt% ’ ATRP
50 ml , 3 000 t/min ’ ’ (25241 ,BrP-F127-PBr  CuCl  PMDETA
35 | 15 mL, 1:2:2.4 S ATRP
2% PEO PPO
(RBC). x
2mL  RBC 3 mL 3 pe/ml 9 0
AmB , Br\pkﬂ’ HOJ\‘& -l TESETAP
o 37C , , , b
0°C , , 2 min, e ./‘ H,0,25C
RBC, , UV-Vis 576 nm 4
. 2 mL RBC 3 mL —- VB
3 mlL ' ( PPEGMA  CuCIPMDETA }T] NN
) ( ) N H,0,25C #
RBC ! PEGMA
7515500 _fiﬁ;o x100% ‘38
,ABS, LABS
LABS, ° 1 PEGMA
1.3
("H-NMR) Bruker ARX 400 Fig. 1 Synthetic pathway of PR-based triblock
,  DMSO-d, , (TMS) ; copolymers via ATRP of PEGMA in aqueous medium
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1 ATRP
Table 1 Compositions and yields of polyrotaxanes synthesized via ATRP of PEGMA

1%
a 1 M, (x107)" M, (x1073)¢ M. /M.¢
1 F-0B8-CD-60 1:60 1:77.8 98.6 102.1 1.31 48.7
2 F-308-CD-40 1:30:40 1:20.8:51.1 92.8 118.9 1.50 34.0
3 F-308-CD-60 1:30:60 1:20.0:70.2 112.9 131.3 1.49 41.6
4 F-308-CD-80 1:30:80 1:17.8:75.0 115.9 133.4 1.53 42.2
5 F-308-CD-100 1:30:100 1:18.1:81.3 123.0 144.8 1.54 47.5
6 F-208-CD-60 1:20:60 1:19.1:61.8 102.6 123.0 1.54 42.4
7 F-40B8-CD-60 1:40:60 1:36.6:49.8 109.3 128.2 1.71 32.5
.a—[BrP=F127-PBr]:[3-CD]:[PEGMA] ;b—  'H-NMR , DMSO-dg;e—  GPC . DMF+SDS

1.0 mL/min,
Notes: a, the molar feeding ratio of [BrP=F127-PBr]:[3-CDJ:[PEGMA]; b, Determined by 'H-NMR in DMSO-dg, ¢, determined by GPC with DMF and SDS

as a mixing eluent at 1.0 mL/min using PS standards.

1 . B-CD BrP-F127-PBr -
30, PEGMA 40 100 ,PEGMA N
51.1 813; PEGMA HO
60, B-CD BrP—F127-PBr e " e -
20 40 , B-CD 19.1 ’r%'uS(é:‘é() o,
36.6. , ATRP L] iep
. , B-CD PEGMA OGH
) 0(2)H H(1HOOH
2.2 ’
F-303-CD F-308-CD-60 - . * .
'H-NMR 2 , . " 0 M
,F-308-CD-60 B-CD  O@)H,0(3)H Br WOX\/%@{_\ N oo
0(6)H , o
0.06 ppm, 0 P
1 , Pluronic F127 ? DMSO B
[26]
, PEGMA  ATRP O b?i% IR i
350 3.00
Pluronic F127  PPO a  PPEGMA O(Z}Homﬂ“l”omm 5
: , K S e
PEGMA a e > s 4 &pém 5 : :
PPEGMA b ,
b . ) . pCD el 2 F127-30B-CD(a) F-30B-
F127 PO CD-60(b) 'H-NMR
F127 B-CD ) Fig. 2 'H-NMR spectra of F-30-CD PPR (a) and
53 GPGC F-30B-CD-60 PR (b)
3(a).3(b) , B-CD PEGMA
(Gel Permeation Chromatography,GPC) o
. DMF+SDS(1 wt%) . .
, 1.49~ i
1.71, ATRP 3(c), SDS ,F-208-CD-60
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(@) oy ;ll:-;lgﬂ-CDm (b) 123, Ifi':-30.8-CD-IDD © 1: F-204-CD-60,DMF T’JI_I)\ SDS
4 2:F-306-CD-60 2: F-30-CD-80 2: F-206-CD-60.DMF £ /i1 A SDS
3: F-206-CD-60 3: F-304-CD-60 3:8DS
4: F-04-CD-60 4:F-304-CD-40 1 2
3
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4 6 8 10 12 14 16 18 20 22 4 6 8 10 12 14 16 18 20 22 4 6 8 10 1214 16 18 20 22 24 26 28
Ii (] /min [ ffi)/min [ )/min
3 GPC F-40B-CD-60,F-30B8-CD-60,F-203-CD-60,F-08-CD-60 GPC ,
DMF+1 wt% SDS :(b) F-30B-CD-100,F-30B-CD-80,F-30B-CD-60,F-30B8-CD-40,
F-0B-CD-60 , DMF+1 wt% SDS ;(c)  F-20B-CD-60 DMF
DMF+1 wt% SDS SDS GPC , SDS GPC
Fig. 3 GPC traces of F-40p-CD-60, F-308-CD-60, F-208-CD-60 and F-0B-CD-60 in (a), and F-308-CD-100,
F-30B-CD -80, F-30B8-CD-60 and F-30B-CD-40 in (b) with DMF+1 wt% SDS as eluent,
GPC traces of F-203-CD-60 and pure SDS in (c) with pure DMF or DMF+1 wt% SDS as eluent
GPC 2 , 9 s s
min 5
DMF R 22 min .
, ( B-CD, F-0B8-CD-60 . F-308-CD  DSC 4 .
PEGMA ) ey ,  DMF SDS BrP-F127-PBr, 49°C
s 22 min , SDS PEO ; F-0B-CD-
, ( ) 60, 41C BrP-F127-PBr,
o SDS Pluronic F127 PEO  PPEGMA PEO
DMF SDS
F-20B8-CD-60 GPC s ° R ;
SDS DMF ( .
’ ’ d
3, PEGMA  B-CDs - N | &
, B-CD = ‘\} f
PEGMA j’ .
. : GPC ﬁ f :
s 'u l
’ 1.49~1.63, -20 lI] 2:1 ' 4Iu e:o s.u IEID .IZ(]
i wiErc
» GPC a—BrP-F127-PBr;b—F-08-CD-60;c—F-308-CD-40;
'H-NMR : GPC d—F—-208-CD-60; e—F—303-CD-60;
, DMF f—F-408-CD-60; g—F-308-CD-80;
LS h—F-308-CD-100;i—F-308-CD PPR
,Pluronic F127 B-CDs 4 DSC
Pluronic F127 , Fig. 4 DSC curves of the obtained triblock copolymer
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Pluronic F127 s PEO F-308-CD-60 ,
s PEO 4 2, PPEGMA
, 36C , o , F-08-CD-60
PPEGMA PEO s 2,
, o s 0.5 mg/mL
ATRP PPEGMA s - s
) o PNA ) Lo
2 AmB
Table 2 Self-aggregate and drug delivery properties of F-308-CD-60 and F—-03-CD-60
CAC"®
DLC /% DLE Y%
2 /(mg-mL™)
1 F-08-CD-60 1:60 1:77.8 0.0803 4.6+0.2 46+2.0
2 F-308-CD-60 1:30:60 1:20.0:70.2 0.0089 8.7+0.3 87£2.5
:a—'H-NMR ,DMSO-d; sh— ;c—DLC ;d—DLE

Notes: a, determined by '"H-NMR in DMSO-dg; b, determined by fluorescence probe technology; ¢, drug-loading content; d, drug-loading efficiency.

F-308-CD-60 s ° ,CAC 6
(CAC) - ,PNA - 1y PNA
,PNA o 8.9x107° mg/mL ,1/1,
. 8.9x107° mg/ml. 1/,
(CMC) Bl 5, . 1, PNA
F-308-CD-60 s , 8.9x10™ mg/mL
s ,PNA o s s F-308-CD-
,PNA 60 s F-08-CD-60
k) o 3 B—CD
140 1.2
130 f — L0 mg/mL L
120 | = ol
10 —— 0.2 mg/mL
0.1 mg/mlL P
100 —u,(:};,rfymi. 0.8F
9 0.05 mg/mL
—— 0,02 mg/mL -
80 —— 0.01 mg/mL 0.6
@ 70 b —— 0,008 mg/mL _:3 -
- —— 0.005 mg/mL = L
= 60 —— 0.002 mg/mL 0
50 F —— 0.001 mg/mL =04}
—— 0.0008 mg/mL| L]
40 b —— 00005 mg/mL| i
0 f — gy
20 —H,0 L
L}
10 0.0
0 L
=10 L 4 L L 5 .| I TS S [N (SN (PR N DU (NP S
350 400 450 500 550 600 4.5 -40 -35 -3.0 -25 -20 -1.5 -10 05 0 05
1/ leC
5 (mg/mL) F-30B8-CD-60 PNA
([PNAJ=2.0x10 mol/L, C(mg/mL) , A0=340 nm) 6 Iy F-305-CD-
60 (C(mg/mL))

Fig. 5 Fluorescence emission spectra of PNA at different
concentrations of F-308-CD-60 in water ([PNA]=2.0x10° mol/L,
C(mg/mL), A¢:=340 nm)

Fig. 6 Plot of the intensity ratio /I, as a function of
the concentration of F-303-CD-60 (C(mg/mL))
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Fig. 7 TEM images of the self-assemblies of F-03-

CD-60 (a) and F-308-CD-60 (b)
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